We performed a meta-analysis of randomized controlled trials comparing routine stenting (ST) with percutaneous transluminal angioplasty (PTA) for symptomatic superficial femoral-popliteal artery (SFPA) disease.
Introduction
Peripheral arterial disease (PAD) affects a large segment of the adult population, with an age-adjusted prevalence of 4-15%, 1 and increasing up to 29% with the presence of cardiovascular risk factors. 2 The mainstay of treatment for PAD includes risk factor modification, exercise program, and antiplatelet therapy with revascularization reserved for patients with significant disability or tissue loss. 3, 4 Given the lower risk of procedural complications, endovascular therapy is generally preferred as the first choice for symptomatic patients with PAD. 5 Unlike most other vascular beds, where stenting is the preferred modality of endovascular revascularization, the optimal therapy for superficial femoral-popliteal artery (SFPA) disease remains unknown. Recently published guidelines from the American College of Cardiology/American Heart Association and the Trans-Atlantic Inter-Society Consensus for the management of PAD recommend PTA as the initial preferred option for endovascular treatment of symptomatic SFPA lesions, reserving provisional stenting for salvage therapy after a suboptimal or failed result from balloon dilation. 3, 4 However, the evolution of endovascular therapies has inspired a considerable and ongoing debate over the merits of various therapies. Endovascular stenting avoids the problems of early elastic recoil, residual stenosis, and flow-limiting dissection after balloon angioplasty and can thus be used for the treatment of long and calcified lesions. In contrast, SFPA is subject to longitudinal stretching, external compression, torsion, and flexion, which may lead to stent fractures and eventually to restenosis. Although evolution in stent material and design have overcome some of these limitations, the clinical impact remains unclear.
A previous meta-analysis, 6 including only one randomized controlled trial in which stenting was compared with PTA 7 and 18
non-comparative studies published between 1993 and 2000, demonstrated similar long-term patency rates for stent implantation and balloon dilation for symptomatic SFPA disease. Subsequent clinical trials comparing routine stent implantation with percutaneous angioplasty for SFPA disease have produced conflicting results. We performed a comprehensive meta-analysis of randomized controlled trials to systematically evaluate currently available data comparing ST vs. PTA in symptomatic SFPA disease.
Methods
We performed a computerized search to identify relevant articles from 1960 to October 2007 in the MEDLINE, Embase, ISI Web of Knowledge, Current Contents, International Pharmaceutical Abstracts databases and the Cochrane Central Register of Controlled Trials. We combined expanded medical subject headings and keyword searches for peripheral vascular diseases, femoral artery, popliteal artery, femoropopliteal, stents, endovascular, angioplasty, balloon dilatation and peripheral catheterization. The literature search protocol was verified in consultation with a librarian of University of Michigan. Cross-references from the retrieved articles were also explored. In addition, abstract lists from the 2006 and 2007 scientific meetings of the American Heart Association, the American College of Cardiology, the European Society of Cardiology, and the Transcatheter Cardiovascular Therapeutics were searched. Published review articles, editorials, and internet-based sources of information (www.tctmd.com and www.theheart.org) were also reviewed. Finally, we contacted stent-manufacturing companies and requested information regarding unpublished data from randomized controlled trials comparing ST with PTA in SFPA disease. A study was included if it randomized patients with symptomatic SFPA disease to ST or PTA and provided information on at least 6-month outcomes with regard to primary patency and restenosis rate and/or target vessel revascularization (TVR). Patients were considered symptomatic if there was a history of intermittent claudication or critical limb ischaemia, defined as chronic ischaemic pain at rest or the presence of ischaemic ulcers or gangrene. Information was abstracted using a standardized form that included data on the study population demographic and clinical characteristics [mean age; gender; risk factors for cardiovascular disease -hypertension, hyperlipidaemia, smoking, diabetes; history of coronary artery disease; Rutherford stage simplified as intermittent claudication vs. critical limb ischaemia; baseline ankle-brachial index (ABI)], angiographic and interventional data (length of lesion; number of occlusions or stenoses; subjects with poor crural runoff vessels defined as one or no patent runoff vessel; type of stent implanted), and outcomes (immediate technical success/failure; restenosis; TVR; mortality; post-procedural ABI; amputations; vascular complications; early thrombo-embolic complications; bleeding/haematomas).
Two readers abstracted the data from each article independently using a standard form. There were only minor differences in the extracted data that were resolved in discussion, and in a few cases, we contacted the authors of the relevant study to resolve discrepancies in the interpretation of the reported data. Each trial was evaluated for the adequacy of allocation concealment, performance of the analysis according to the intention-to-treat principle, and blind assessment of the outcomes of interest. We used the Jadad criteria to assess the quality of the trials included in our meta-analysis, with 3 points considered as high quality. 8 As some trials enrolled by limbs treated and could possibly enrol a patient more than once, correction for within-patient clustering was evaluated as an additional quality metric. All the studies were prospective, randomized, and reported the results on an intention-to-treat basis. None of the trials was blinded, given the difficulty in blinding operators to the use of a stent.
Definitions and endpoints
The endpoints of interest were immediate technical success/failure, rate of TVR, and restenosis in 9 -24 months of follow-up. Immediate technical success was defined as residual stenosis ,30% without flowlimiting dissection, unless otherwise defined by the individual study investigators. From the studies included in the analysis, six used the cutoff of ,30% for immediate technical success, 7,9 -14 two studies used ,50%, 15,16 one used ,50% for PTA and ,30% for ST, 17 and one study used ,20% 18 (in the latter, there was eventually no immediate technical failure). By this definition, cross-over from PTA to bailout stenting was automatically considered as immediate technical failure of the PTA. Binary restenosis was defined as a reduction in the luminal diameter of more than 50% on follow-up conventional angiography or restenosis more than 50%, as determined by follow-up duplex ultrasound peak velocity ratio, except from one study that used the cutoff of 70% of angiographic restenosis. 14 TVR was defined as repeat revascularization of the same SFPA, proximal or distal to or involving the index lesion, or surgical bypass of the SFPA.
Statistical analysis
From each trial, results were organized into a two-by-two table to permit calculation of effect sizes for PTA in comparison with ST with regard to each outcome. Data on the results were collected on an 'intention-to-treat' basis. Patients who were assigned to a particular therapy but received no therapy or crossed over to the alternate strategy were considered to belong to the group randomized to the original therapy. When the outcome did not occur in either group, we were unable to calculate effect sizes due to the empty cells, and data were excluded from that particular trial. We used fixed-effects and random-effects models to produce across-study summary risk ratios (RRs) with 95% confidence intervals (CIs). As there was significant heterogeneity for some of the endpoints, the random-effects models are preferentially reported. Cochran's Q-test was used to assess heterogeneity and P-values ,0.1 were considered significant for heterogeneity. To assess the effect of individual studies on the summary estimate of effect, we did an influence analysis, in which the pooled estimates were recalculated omitting one study at a time. Publication bias was assessed by the funnel plot and by calculating the classic fail -safe N and Orwins N. 19, 20 An exploratory metaregression was performed to assess the impact of lesion length on possible benefit of stenting. All analyses were performed using Routine ST vs. PTA in SFPA disease
Comprehensive Meta-Analysis software, version 2.0 (Biostat, Englewood, NJ, USA).
Results
A total of 656 citations published between 1960 and October 2007 were screened. Our search identified 13 trials that randomized patients with symptomatic SFPA disease to primary PTA vs. ST ( Figure 1 ). Of these, 10 had been published in peer-reviewed journals, 7,9 -14,17,18 two had been published only as an FDA approval letter available at the FDA website, 15, 16 and one has been released in the 2007 TCT meeting with information on limited endpoints. 21 Two studies published in German journals 22, 23 and one study in English literature 14 involved the same authors and overlapping enrolment periods. One of the authors, involved in all three studies, was contacted and reported potential overlap in the studied populations and suggested use of the English study 14 in the meta-analysis. In addition, we excluded the RELISIENT trial, which was released in the 2007 TCT meeting, because its endpoint definitions varied dramatically from the prior trials. 21 We attempted to obtain outcome data congruent with prior definitions from the study investigators but were unsuccessful. A total of 1343 patients and 1442 limbs from 10 randomized controlled trials constituted our final study population. Five of the trials were of high quality by the Jadad criteria (score 3).
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Two studies reported the results per limb treated with a small number of patients undergoing PVI in both limbs, but no adjustment was made for possible interdependencies within patients. 14, 15 The Jadad scores for each study, the baseline demographic characteristics of the patient population, and the indications for the procedure and the pre-procedural ABI are listed in Table 1 . Table 2 summarizes the angiographic and interventional characteristics, including the type of stent, the mean length of the lesion, the percentage of lesions with occlusion vs. stenosis, and the state of runoff vessels (poor or good). Three trials used nitinol stents, 11, 12, 15, 17 four used Palmaz stainless steel stents, 7, 13, 14, 18 one used tantalum stents, 10 and two used nitinol-covered stent grafts. 9, 16 There were no statistical differences in the baseline demographic, angiographic, and interventional characteristics, with the exception of a number of occlusions treated with stenting.
Patients in all studies received aspirin with dose ranging from 80 to 325 mg daily indefinitely. In addition, patients received clopidogrel 75 mg daily for 1-3 months in three studies 9, 11, 12, 17 and ticlopidine 250 mg twice daily for 1 month in one study. 15 The raw endpoint rates for each trial with relative follow-up periods and patient attrition are listed in Table 3 . There was significant heterogeneity with regard to immediate technical failure and restenosis rates and no heterogeneity with regard to the endpoint of TVR. Thus, the random-effects models are discussed preferentially, although fixed-effects models provided similar estimates ( Table 4) .
From a total of 1442 limbs/lesions included in the analysis, 724 were assigned to ST and 718 to PTA. The follow-up period ranged between 9 and 24 months. The mean lesion length was similar in the two groups (45.8 mm in the ST group and 43.3 mm in the PTA group). The immediate technical failure rate was significantly higher in the PTA group when compared with the ST group (17.1 vs. 5.9%, respectively, RR ¼ 0.28, 95% CI ¼ 0.15-0.54, P , 0.001) (Figure 2) . In two studies, the outcome of immediate failure did not occur in both treatment arms, and data were excluded from the analysis as we were unable to calculate effect sizes. 10, 18 From the PTA group, 10.3% of the patients crossed over to secondary stenting, mainly because of suboptimal PTA result defined as flow-limiting dissection or residual stenosis of .30-50%.
There was a trend for lower rate of restenosis during the 9-24 month follow-up period in the ST group when compared with the PTA group, i.e. 37.6% in the ST vs. 45.3% in the PTA group (RR ¼ 0.85, 95% CI ¼ 0.69-1.06, P ¼ 0.146) (Figure 3) . Four studies used angiographic follow-up, 10,13 -15 four studies duplex ultrasound follow-up, 7,9,16,17 and two studies used both 11, 12, 18 to determine restenosis. The rate of TVR within 9-24 months was similar between the two groups (20% in the ST vs. 20.2% in the PTA group, RR ¼ 0.98, 95% CI ¼ 0.78-1.23, P ¼ 0.89) ( Figure 4) . One study did not report TVR rates and was not included in the analysis. 7 With regard to other outcomes, mortality (4.35% in the ST vs. 4.6% in the PTA group) and amputation rate (1.76% in the ST vs. 1.54% in the PTA group) were similar in the two treatment arms during the follow-up period. Overall, vascular complications (6.75% in the ST vs. 4.76% in the PTA group), early thrombo-embolic events (3.67% in the ST vs. 2.37% in the PTA group), and bleeding complications (2.25% in the ST vs. 1.4% in the PTA group) were lower in both groups.
Only two studies reported information on stent fractures, with frequencies of 2 and 12% at 12 months, respectively. 11, 17 Interestingly, in the study with the highest frequency of stent fractures, the authors noted that the binary restenosis rate in patients with stent fracture was not statistically different from those without stent fracture. 17 To assess the effect of individual studies on the summary estimate, we performed a sensitivity analysis, in which the pooled estimates for the endpoint of TVR were recalculated, omitting one study at a time, but this did not alter the results (data not shown). We also performed a subgroup analysis based on different stent types, i.e. nitinol, Palmaz, and stent grafts. The use of nitinol stents was associated with a significant higher immediate technical success (RR ¼ 1.19, CI ¼ 1.03-1.39, P ¼ 0.02) and a nonsignificant trend for lower TVR (RR ¼ 0.79, CI ¼ 0.59-1.06, P ¼ 0.12), compared with angioplasty, whereas there was no significant difference in the rate of restenosis ( Figure 5) . Conversely, the older Palmaz stents resulted in a trend for higher TVR, although not significant (RR ¼ 1.46, CI ¼ 0.99-2.16, P ¼ 0.056). The effect of the use of stent grafts on TVR was neutral. The exclusion of the stent grafts from the analysis produced similar results, with significantly higher immediate technical failure rate in the PTA group compared with the ST group (RR ¼ 0.24, 95% CI ¼ 0.10 -0.57, P ¼ 0.001) and no significant differences in the rates of restenosis (RR ¼ 0.93, 95% CI ¼ 0.79-1.10, P ¼ 0.36) and TVR (RR ¼ 1.02, 95% CI ¼ 0.69-1.52, P ¼ 0.92). Furthermore, to assess the effect of the lesion length on TVR, an exploratory meta-regression was performed and suggested that stenting may be beneficial in longer lesions (b ¼ 20.009, 95% CI 20.017 to 20.001, P ¼ 0.026).
Publication bias
A funnel plot to assess publication bias was symmetric, suggesting lack of publication bias ( Figure 6 ). As the combined effect estimate for TVR was not statistically significant, the classic fail -safe N (which addresses the concern that the observed significance may be spurious) was not relevant. The Orwin fail -safe N, which differs from the classic fail -safe N in that the mean RR in the new 'missing' studies can be a value other than nil and that the criterion value is an effect size rather than a P-value, was therefore calculated. 19, 20 The Orwin fail -safe N for our meta-analysis was 9, suggesting that nine studies with a mean RR of 0.5 will be required to achieve a pooled RR for TVR under 0.7.
Discussion
The key finding of our analysis is that there is no significant difference in the rate of TVR between PTA with provisional stenting and routine stenting for symptomatic patients with short SFPA lesions, although there is a trend for lower restenosis and a significant higher immediate technical success in favour of routine stenting. The results of our meta-analysis corroborate and extend current guidelines supporting PTA with provisional stenting as the primary endovascular treatment for symptomatic SFPA disease 3, 4 and are in agreement with the previous meta-analysis that yielded similar long-term patency rates for PTA and stent implantation. 6 TVR, arguably, represents a more robust endpoint than restenosis by itself, as it is a decision driven by both the clinical status and by the angiographic or Doppler evidence of restenosis. On the basis of the similar TVR rates in the two treatment arms, our analysis suggests that balloon angioplasty with provisional stenting is equivalent to routine stenting. In addition, the use of provisional stenting as a bailout in the case of suboptimal PTA result, which was noted in 10.3% in our pooled data, can almost offset the 11.2% difference in immediate technical success rate in favour of routine stenting. Thus, PTA with provisional stenting remains a reasonable and simple first option in the endovascular treatment of SFPA.
This contention becomes even more justified, if the additional cost of stenting over PTA is taken into account. A previous costeffective analysis of a trial that randomized patients with SFPA disease to treatment with a self-expanding nitinol stent vs. PTA demonstrated that the use of routine stenting increased the procedure duration, equipment costs, and physician services, resulting in initial hospital costs of $3500/patient higher for patients randomized to the nitinol stent compared with PTA. The authors of that study concluded that a strategy of routine stent implantation for patients with SFPA disease is not optimal on economic grounds and that PTA with provisional stenting should be preferred. 24 These findings are likely still extant, as there has been no substantial decrease in equipment cost.
Another important consideration with the use of stents in SFPA disease is the occurrence of stent fractures that have been associated with in-stent restenosis. As mentioned earlier, information on stent fractures was reported in only two studies in our meta-analysis, with frequencies of 2 and 12% at 12 months, respectively. 11, 17 Although in the study with the highest frequency of stent fractures, the binary restenosis rate was similar in fractured and non-fractured stents; 17 an earlier trial investigating the occurrence and the clinical impact of stent fractures after femoropopliteal stenting with nitinol stents suggested a considerable risk of stent fractures (24.5%), especially following long segment femoral artery stenting. Stent fractures in this study were associated with a higher in-stent restenosis and re-occlusion rate after a mean follow-up of 11 months. 25 In contrast, our meta-regression analysis suggested that stenting may be beneficial in longer lesions. Although this finding must be considered as hypothesis-generating, the possibility of alpha error cannot be excluded, given the relatively small number of studies included in the meta-regression. Based on the discrepancy of these results and the improvement of stent designs over the years, more data are required to elucidate whether factors such as the length of the stented segment and the stent design and stent surface are more likely to affect stent patency. Our subgroup analysis suggested that use of nitinol stents was associated with a higher immediate technical success rate and a non-significant trend for lower TVR over PTA, whereas the use of the older generation Palmaz stents resulted in a non-significant trend for higher TVR over PTA. This finding supports the concept that the improvement in nitinol stent design, including improvement in radial strength, the ability to recover from being crushed, and reduced foreshortening, has led to better anatomical and clinical outcomes than the older stainless steel stents. This finding is in agreement with previous studies showing superior patency outcomes with the new generation nitinol stents compared with stainless steel stents. 26, 27 However, this non-significant trend for lower TVR with nitinol stents over PTA would still not validate universal routine stenting as the primary endovascular treatment for SFPA disease. Future adequately powered randomized controlled trials would be required to provide more evidence to answer this important question. Based on the assumption that nitinol stents decrease TVR over PTA to the same degree as in our analysis, (RR ¼ 0.79, 95% CI ¼ 0.59-1.06, P ¼ 0.129), a trial comparing nitinol stents with PTA would need to enrol 2400 patients to have adequate statistical power to demonstrate potential advantage of nitinol stents over PTA. Such a trial would be difficult, although possible, to be performed, given cost and logistics involved. Furthermore, given the equivalent efficacy and the lower cost of PTA as the primary endovascular treatment of SFPA disease, stents have to demonstrate significantly enhanced patency rates before they can be considered as the preferred tool for endovascular therapy. Moreover, in view of the consistently favourable results of PTA demonstrating equivalent outcomes even when compared with bypass surgery, 28 we need to move away from historical control studies as the evidence base for the evaluation of therapeutic strategies and focus on randomized controlled trials. Currently, there are four ongoing randomized trials in the recruitment phase comparing different types of stents with PTA, as well as one study comparing the efficacy of Viabahn endoprosthesis with nitinol stents in the treatment of SFPA disease ( Table 5) . Although the target population to be enrolled in these studies ranges from 120 to 480 patients, far below the above-estimated sample size, the completion of these studies will provide further insight and evidence on this continuing debate for the optimal endovascular treatment of symptomatic SFPA disease. Indeed, in order for stents to emerge as the preferred endovascular device, major design evolution that would dramatically reduce TVR is required.
Clinicians and regulatory authorities also need to be vigilant against commercial sponsors introducing arbitrary endpoint definitions to suggest possibility of benefit with their device. Such a variation in endpoint was noted in the recently presented RESILIENT trial, in which the primary endpoint of TVR included the occurrence of bailout stenting, which was advised for major flow-limiting dissection or residual stenosis .30%. 21 This deviation from the previously used definitions made it inevitable that the stenting arm would appear superior, although there is no clear evidence that there is any clinical superiority of the stenting system that was evaluated.
Limitations
Our analysis encompasses trials that have wide variation in endovascular technology, and their relevance to contemporary practice may be limited. With the advances in stent design and the newer generation of different types of nitinol stents, one should be careful in interpreting the results of pooled studies spanning a 10-year period. We tried to adjust for this heterogeneity over time by performing a sensitivity and subgroup analysis based on the stent type to account for the advancement in the stent design. Furthermore, there was statistical heterogeneity for some of the outcome measures; however, there was no evidence of heterogeneity with regard to the outcome of TVR. In addition, all the studies included in our analysis were not blinded, given the impossibility of blinding the operator to the use of stent vs. PTA, and two of the studies have not been published in peer-reviewed journals with the data obtained from the FDA approval letter. However, there is no reason to doubt the accuracy of the data that were submitted to the FDA. Furthermore, our meta-analysis is inherent to the major limitations of all meta-analyses, which include publication bias (although tested non-significant in our study) and the difficulties in comparing the results because of the different study populations, study designs and reporting methods, and the absence of individual patient data, which prohibit adjustment for confounding factors. 29 Finally, almost half of the trials were considered to be of moderate-to-poor quality and Figure 6 Symmetric funnel plot of standard error by log risk ratio, suggesting lack of publication bias.
Routine ST vs. PTA in SFPA disease there was no adjustment for within-patient clustering. However, these limitations are, in general, more likely to lead to underestimation of standard errors and spuriously low P-values and should not impact the null results of our meta-analysis. Thus, our results invoke the need for a large adequately powered, high quality trial to test the utility of primary stenting in SFA disease.
Conclusion
Currently available data suggest no significant difference in the rate of TVR between PTA with provisional stenting and routine stenting for symptomatic patients with short SFPA lesions, although there is a trend for lower restenosis and a significant higher immediate technical success rate in favour of routine stenting as well as a nonsignificant trend towards lower TVR with the newer generation nitinol stents. However, several limitations prevent wider generalizability of the results, and there is no definitive evidence favouring one strategy over another. Given the absence of data to the contrary and lower equipment cost, PTA with provisional stenting should remain the preferred endovascular therapy for patients with SFPA disease.
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